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ABSTRACT

A micro-electromechanical system (MEMS) device includes
a housing and a base. The base includes a port opening
extending therethrough and the port opening communicates
with the external environment. The MEMS die 1s disposed on

the base and over the opening. The MEMS die includes a
diaphragm and a back plate and the MEMS die, the base, and
the housing form a back volume. At least one vent extends
through the MEMS die and not through the diaphragm. The at

least one vent communicates with the back volume and the

port opeming and 1s configured to allow venting between the

back volume and the external environment.

7 Claims, 6 Drawing Sheets
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VENTED MEMS APPARATUS AND METHOD
OF MANUFACTURE

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent claims benefit under 35 U.S.C. §119 (e) to U.S.
Provisional Application No. 61/538,253 enfitled “Vented
MEMS Apparatus And Method Of Manufacture” filed Sep.
23, 2011, the content of which 1s incorporated herein by
reference 1n 1ts entirety.

TECHNICAL FIELD

This application relates to acoustic devices and, more spe-
cifically, to approaches for venting these devices.

BACKGROUND OF THE INVENTION

Various types of microphones and recervers have been used
through the years. In these devices, difierent electrical com-
ponents are housed together within a housing or assembly.
For example, a microphone may include a micro-electrome-
chanical system (MEMS) device with a diaphragm, and 1nte-
grated circuits, among other components and these compo-
nents are disposed within the housing. Other types of acoustic
devices may include other types of components. These
devices may be used 1n hearing instruments such as hearing
aids or 1n other electronic devices such as cellular phones and
computers.

Microphones typically use a diaphragm and the diaphragm
1s oiten placed 1n the vicinity of an electrical conductive plate.
As 1s known, as sound pressure moves the diaphragm, the
conductive plate’s charge 1s thereby varied to responsively
produce an electric current and this current represents the
sound energy. The area between the diaphragm and the plate
1s a high electric field area (e.g., approximately 11V/3 micro
meters or approximately 4*10° V/m or 40 kV/cm).

Venting holes are often formed through the diaphragm.
These venting holes serve various purposes. In one example,
the venting holes are environmental vents that provide for
pressure equalization for the device.

Although the venting holes on the diaphragm offer some
advantages, the holes also create a pathway for particles and
condensable vapor to enter the high field area from the exte-
rior of the microphone. If the particles or vapor are successiul
in entering this high field area, then the device may not oper-
ate properly.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the disclosure, ret-
erence should be made to the following detailed description
and accompanying drawings wherein:

FIG. 1 1s a block diagram of a MEMS microphone system
with side vent according to various embodiments of the
present invention;

FIGS. 2A-D are various perspective views of a MEMS die
with the side vent being a hole according to various embodi-
ments of the present mnvention;

FIGS. 2E-H are various perspective views ol another
MEMS die with the side vents being a slot according to
various embodiments of the present invention;

FIGS. 3A-3C are perspective views ol a manufacturing
process for constructing the side vent according to various
embodiments of the present invention.
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2

Skilled artisans will appreciate that elements 1n the figures
are illustrated for simplicity and clarity. It will further be

appreciated that certain actions and/or steps may be described
or depicted 1n a particular order of occurrence while those
skilled 1n the art will understand that such specificity with
respect to sequence 1s not actually required. It will also be
understood that the terms and expressions used herein have
the ordinary meaning as 1s accorded to such terms and expres-
sions with respect to their corresponding respective areas of
inquiry and study except where specific meanings have oth-
erwise been set forth herein.

DETAILED DESCRIPTION

Approaches are provided whereby MEMS die includes a
side vent that provides for environmental venting instead of a
vent through the diaphragm. The side vent or vents are not in
and do not extend through the diaphragm but instead extend
through the MEMS die (e.g., to vent the back volume). In so
doing, the ability of particles to pass through the diaphragm to
sensitive areas of a device 1s eliminated. The approaches
described herein result 1n increased user satisfaction with the
devices.

The approaches provided herein create vents that are away
from the sensitive area around the back plate. Additionally, a
plurality of holes can be created. Moreover, customers using
these devices need take no additional steps to implement the
approaches described herein.

A micro-electromechanical system (MEMS) device
includes a housing and a base. The base includes a port
opening extending therethrough and the port opening com-
municates with the external environment. The MEMS die 1s
disposed on the base and over the opening. The MEMS die
includes a diaphragm and a back plate and the MEMS die, the
base, and the housing form a back volume. At least one vent
extends through the MEMS die and not through the dia-
phragm. At least one vent communicates with the back vol-
ume and the port opening and 1s configured to allow venting
between the back volume and the external environment.

In other aspects, a sensitive area 1s formed between the
diaphragm and the back plate. The lack of vent 1n the dia-
phragm prevents contaminants from entering the sensitive
area.

In still other aspects, the at least one vent 1s approximately
circular 1n cross sectional shape. In still other examples, the at
least one vent 1s slot-shaped 1n cross sectional shape.

In other aspects, the MEMS device 1includes a processing,
device coupled to the MEMS die. In some examples, the
processing device 1s an integrated circuit. Although various
dimensions can be selected for the vent, in one example the
vent 1s approximately 40 microns 1n diameter.

Referring now to FIG. 1, a MEMS microphone apparatus
100 1s described. The apparatus 100 includes a housing 102,
a MEMS die 104, a base 106, and a processing device 108.
The housing 102 may be constructed of any suitable material
such as a metal. The MEMS die 104 (which will be described
in greater detail with respect to FIG. 2 below), a port 120, a
diaphragm 123, a charged back plate 125, venting holes 122,
and back volume 130. As will be explained 1n greater detail
below, the venting holes 122 provide for environmental vent-
ing. As used herein, “environmental venting” means one or
more air or sound path between the outside environment of
the microphone apparatus and the back volume. Here, outside
environment also includes the front volume 127. The resis-
tance of this path to air or sound flow along with the magni-
tude of the back volume determines low frequency roll-off
point. The processing device 108 may be a variety of different
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processing devices and in one aspect may be an electronic
integrated circuit that provides amplification functions for the
signal obtained by the MEMS device 104.

In operation, sound (indicated by the arrow labeled 124)
enters the MEMS device 104 via a port 120. The port 120

extends through the housing and into the MEMS device 104.
The sound 124 moves the diaphragm 123, which in turn alters
the charge on the back plate 125 to create an electrical current
or voltage representative of the sound. The electrical current
or voltage 1s transmitted to the device 108 for further process-
ing. Venting occurs in the direction indicated by the arrows
labeled 126 via the venting holes 122. In one example, the
holes 122 are approximately 40 micrometers 1n diameter.
Other dimensions are possible. It will be appreciated that

although the venting holes 122 described with respect to FIG.
1 are circular or approximately circular, they can have any
regular or irregular cross-sectional shape such as elliptical,
square, or any irregular cross-sectional shape.

It will be appreciated that the side vent or vents 122 are not
in and do not extend through the diaphragm 123 but instead
extend through the MEMS die 104 (e.g., to vent the back
volume 130). In so doing, the ability of particles to pass
through the diaphragm 123 to sensitive areas of a device (e.g.,
the area between the diaphragm 123 and the back plate 125)
1s eliminated.

Referring now to FIGS. 2A-D, another example of a
MEMS die 200 according with a side vent 1s described. The
MEMS die 200 includes a diaphragm 202, a charged back
plate 204 including vents 206, a front volume 210, and side
vents 212. The side vents 212 extend through the MEMS die
200.

In operation, sound (indicated by the arrow labeled 224)
enters the MEMS die 200 via port 220 (connected to port 120
of FIG. 1). The sound moves the diaphragm 202, which 1n
turn alters the charge on the charge plate 204 to create an
clectrical current or voltage signal representative of the
sound. The electrical signal 1s sent to an external device (e.g.,
the external device 108 of FIG. 1) for further processing.
Venting occurs in the direction indicated by the arrows
labeled 226 via holes 212. In one example, the holes 212 are
approximately 40 microns 1n diameter. Other dimensions are
possible. It will be appreciated that although the venting holes
described with respect to FIGS. 2A-D are circular or approxi-
mately circular, they can have any regular or 1rregular cross-
sectional shape such as elliptical, square, or any irregular
cross-sectional shape.

It will be appreciated that the side vent or vents 212 are not
in and do not extend through the diaphragm 202 but instead
extend through the MEMS die 200 (e.g., to vent the area of the
front volume 210). In so doing, the ability of particles to pass
through the diaphragm to sensitive areas of a device (e.g., the
arca 208 between the charge plate 204 and the diaphragm
202) 1s eliminated.

Referring now to FIGS. 2E-H another example of a MEMS
die 200 according with a side vent 1s described. In this
example, the side vents 212 are slot-shaped rather than
shaped as holes (as 1n FIGS. 2A-D). All other components are
the same and operate similarly to the example of FIGS. 2A-D.
Consequently, the description of these components and their
operation will not be described further.

Referring now to FIGS. 3A-3C, one example of a manu-
facturing process 1s described. The process can be the same as
used 1n U.S. Published Application No. 2008014247735, which
1s icorporated herein by reference 1n 1ts entirety. However,
other types of processes or approaches may also be used.
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As shown 1n FIG. 3A, a piece of silicon 1s obtained. For
example, a piece of silicon 300 having dimensions of the
MEMS die may be obtained. As shown in FIG. 3B, a laser
dicing pass (employing lasers 304 firing focused laser beams

306 moving 1n the direction indicated by the arrow labeled
308) 1s used to create a line of modified silicon 302 within the

silicon 300. Other lines of modified silicon may also be cre-
ated 1n the silicon 300. As shown in FIG. 3C, after finishing
the process, the silicon 300 1s placed in a caustic solution
(e.g., KOH or TMAH). After placement in the solution, the
modified region 302 quickly etches away leaving a hole or
holes through the silicon. The silicon 300 can be further
processed/cut to form the MEMS device, such that the vents
are side vents, for example, the side vents as shown 1n the
devices of FIG. 1 and FIG. 2. Further, the remaining elements
of a microphone device (e.g., the housing, diaphragm, and
processing chips) may also be assembled together.

Preferred embodiments of this invention are described

herein, including the best mode known to the inventors for
carrying out the invention. It should be understood that the
illustrated embodiments are exemplary only, and should not
be taken as limiting the scope of the invention.

What 1s claimed 1s:

1. A micro-electromechanical system (MEMS) device,

comprising;

a housing;

a base with a port opening extending therethrough, wherein
the port opening communicates with the external envi-
ronment;

a MEMS die disposed on the base and over the opening, the
MEMS die securing a diaphragm and a back plate,
wherein the MEMS die, the base, and the housing form
a back volume;

wherein a longitudinal axis extends longitudinally through
a center of the MEMS die, the diaphragm, the back plate,
and the port opening;

at least one vent extending through the MEMS die and not
through the diaphragm or the back plate, the at least one
vent being a passageway with a first end and a second
end, the passageway being surrounded on at least three
sides by the MEMS die and opening at the first end and
the second end, the at least one vent extending 1n a
generally outward and radial direction from the longitu-
dinal axis, the at least one vent communicating with the
back volume and the port opening, the at least one vent
being configured to allow venting between the back
volume and the external environment, the venting being
clfective to equalize pressure between the back volume
and the outside environment wherein the first end opens

to the back volume and the second end opens to the
outside environment.

2. The MEMS device of claim 1 wherein a sensitive area 1s
formed between the diaphragm and the back plate and
wherein the lack of vent 1n the diaphragm prevents contami-
nants from entering the sensitive area.

3. The MEMS device of claim 1 wherein the at least one
vent 1s approximately circular 1n cross sectional shape.

4. The MEMS device of claim 1 wherein the at least one
vent 1s slot-shaped 1n cross sectional shape.

5. The MEMS device of claim 1 further comprising a
processing device coupled to the MEMS die.

6. The MEMS device of claim 4 wherein the processing
device comprises an integrated circuit.

7. The MEMS device of claim 1 wherein the at least one
vent 1s approximately 40 microns 1n diameter.
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